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Abstract 
It is unclear whether cognitive impairments found in patients with Major Depressive 
Disorder (MDD) are already present in children genetically susceptible to MDD, before the 
possible onset of the illness. In this study, we wanted to investigate if genetic predisposition for 
depression is associated with neuropsychological impairment by examining the effect of 
polygenic risk scores of MDD on measures on multiple domains of neuropsychological 
functioning in young children (6-10 years). Within the Generation R Study, neuropsychological 
functioning was measured using the NEPSY-II-NL, tapping into five different domains: attention 
and executive functioning, memory and learning, language, sensorimotor function and 
visuospatial processing. The genetic data was collected either at birth or during a visit to the 
research center around the age of 5. We found a positive effect of genetic susceptibility to MDD 
on the domains attention and executive functioning, visual-spatial functioning and overall 
cognitive functioning. In addition, we found specific gender effects for girls with a high 
predisposition to MDD on measures of visuo-spatial functioning and overall cognitive 
functioning, but not for boys. Finally, a specific effect was found for Caucasian ethnicity, with 
no effect of genetic predisposition to MDD on neuropsychological functioning as a result for this 
ethnicity group. Our results indicate that the cognitive impairments that often go together with 
MDD are not a consequence of the genetic predisposition for MDD and, therefore, are likely to 
be a result of the disease itself. The predisposition for depression cannot be found in an overall 
decrease in cognitive functioning, which can help future implications for the genetic etiology of 
the disease.  
 
 
 
GENETIC SUSCEPTIBILITY TO MAJOR DEPRESSION AND NEUROPSYCHOLOGICAL FUNCTIONING IN CHILDHOOD  
3 
 
1. Introduction 
Major Depressive Disorder (MDD) is a mood disorder characterized by one or more major 
depressive episodes. These episodes last at least two weeks and are associated with a depressed 
mood or loss of interest and go together with at least four additional symptoms of depression 
(American Psychiatric Association [APA], 1994). These additional symptoms include emotional, 
psychological, behavioral, physical and cognitive symptoms such as an impaired ability to think, 
concentrate, or make decisions. It is now widely acknowledged that cognitive impairment is an 
important symptom of MDD (Snyder, 2013). The World Health Organization classified 
depression as one of the leading causes of disability in the world, with more than 150 million 
people of all ages affected worldwide (World Health Organization [WHO], 2008).  
Patients with MDD may show impairment in multiple neuropsychological domains, 
including attention and executive function (Baune, Fuhr, Air & Hering, 2014; Beblo, Sinnamon 
& Baune, 2011; Gohier et al., 2009), visuospatial processing (Hsu, Young-Wolff, Kendler, 
Halbertstadt & Prescott, 2014), memory (Hinkelmann et al., 2009), and verbal fluency (Gohier et 
al., 2009). MDD is more common in adolescence than in childhood, with up to a 25% lifetime 
prevalence by the end of adolescence (Kessler, Avenevoli & Merikangas, 2001). Although 
cognitive impairment is often found in older adults or elderly with depression, also adolescents 
with depression already show cognitive deficits (Baune et al., 2014). Psychological theories 
suggested that three different factors might explain the origin of cognitive impairments. These 
include exaggerated sensitivity to failure and mood-related interpretation, reduced motivation on 
tasks involving effortful processing and selective attention biases towards or away from disorder-
related or facial stimuli (Porter, Bourke & Gallagher, 2007). 
MDD is moderately heritable, with 40% to 50% heritability estimates based on twin 
studies (Levinson, 2005; Sullivan, Neale & Kendler, 2000). Its familial occurrence mostly or 
entirely results from genetic influences. Twin and family studies reported that genetic factors 
contribute significantly to psychiatric disorders, but currently the identification of specific 
genetic variants has been the more recent research goal (Wray et al., 2014). Genome-wide 
association studies (GWAS) can identify more than a million specific single-nucleotide 
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polymorphisms (SNPs) and are currently used to investigate the genetic architecture of complex 
diseases (Manolio et al., 2009). Large scale GWAS studies on mental disorders (e.g. 
schizophrenia, depression) have shown that these disorders are highly polygenic and are caused 
by many common variants with individual small effects (Manolio et al., 2009). SNPs are 
significantly associated with multiple childhood- and adult onset psychiatric disorders, including 
MDD. Specifically, variation in calcium-channel activity genes appears to have pleiotropic 
effects on psychopathology, with CACNA1C identified as an important susceptibility gene for 
major depressive disorder (Cross-Disorder group of the Psychiatric Genomics Consortium, 
2013). In order to summarize the effect of all SNPs across the genome, the effect of the SNPs 
can be added to calculate a polygenic risk score; a score expressing the extent to which a person 
is genetically susceptible to a disease. Previous studies have shown that the polygenic score, 
incorporating many marginally significant SNPs, explain more disease variance than GWAS 
significant hits alone (The International Schizophrenia Consortium, 2009), and can thus capture 
more genetic signal than just GWAS significant hits. Hence, the risk score approach could 
ultimately lead to clinical stratification of high and low risk groups for mental disorders in 
research and in the clinical setting (Wray et al., 2014). Nevertheless, major depression is a 
complex disorder that is not only a result of genetic influences alone; also environmental 
influences (e.g. exposure to stressful life events) are etiologically significant (Sullivan et al., 
2000).  
GWAS worldwide are increasingly including multi-ethnic and admixed populations 
(Medina-Gomez et al., 2015). By including populations that are made up of diverse ethnicities in 
the analysis of GWAS, statistical power of the study can be increased. In most cases, the genetic 
variants in admixed populations are more diverse than the genetic variants in the original 
populations they come from, which leads to a higher efficiency in detecting genetic determinants 
of complex traits (Medina-Gomez et al., 2015). Generation R study is an ongoing population-
based prospective cohort study following children and their mothers from fetal life until young 
adulthood. This study provides a large sample size and the collection of genetic data as well as 
the prospective collection of multiple environmental factors. Generation R also includes a 
multiethnic population with a high number of admixed individuals (Medina-Gomez et al., 2015), 
which gives us the opportunity to look closer into ethnicity differences. Within this study, 
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multiple domains of neuropsychological functioning were assessed using the NEPSY-II-NL 
battery around the age of 5 (Brooks, Sherman & Strauss, 2010). Polygenic risk scores can be 
used as a measure of a genetic profile for susceptibility to major depressive disorder, using a 
sample of children in whom the disease has not yet occurred. 
It is unclear if the cognitive deficits found in MDD patients are already present in 
children genetically susceptible to MDD, before the possible onset of the illness. This brings into 
question whether the cognitive impairments are related to the genetic predisposition to major 
depression. Measuring cognitive functioning before the onset of the disease may provide 
information on whether the cognitive impairment is associated with genetic factors or is simply a 
result of the disease symptoms itself. Moreover, previous GWAS studies have shown that 
depression is caused by genetic variants that occur frequently the population. It remains not fully 
understood what the effects are on cognition in the general population. Understanding the effect 
of genetic factors on depression may provide information that can improve the prevention, 
diagnosis and treatment of the disease (Manolio et al., 2009).  
In this study, we want to investigate if genetic predisposition for depression is associated 
with neuropsychological impairment by examining the effect of polygenic risk scores of MDD 
on measures on multiple domains of neuropsychological functioning, as measured by the 
NEPSY-II-NL. Hence our main research question: Do children that are genetically susceptible to 
MDD show impairments in neuropsychological functioning? Based on the literature, we first 
hypothesize a poorer performance for children with a high genetic predisposition on a general 
measure of cognitive function, as measured by the NEPSY-II-NL. Twin studies addressing this 
issue showed that unaffected twins discordant to affective disorders had a lower performance on 
almost all measures of cognitive function: attention, executive function, memory, visuo-spatial 
processing, language processing and general cognitive ability (Christensen, Kyvik, & Kessing, 
2006; Hsu et al., 2014). Based on these results, we expect that genetically susceptible children 
will already show impairment in general cognitive functioning. Further, we hypothesize a poorer 
performance for children with a high genetic predisposition on tasks measuring attention and 
executive functioning, language, memory and learning, sensorimotor functioning and 
visuospatial processing as measured by the NEPSY-II-NL. The previously addressed literature 
also shows that patients suffering from MDD show impairments on various cognitive domains 
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after the onset of the disease. Thus, impaired cognitive function may be an expression of the 
genetic predisposition to the disorder through direct effects of risk alleles on brain function. 
Lastly, we will look closer into gender and ethnicity stratified effects. Previous studies show that 
boys and girls perform differently on different domains of neuropsychological functioning, in 
which girls mostly outperform boys (Mous et al., 2016). Moreover, exploring effects of 
polygenic risk scores in a multi-ethnicity sample will give us a more extensive look into the 
genetic structure of risk variants related to depression, and will increase the statistical power of 
our study.  
2. Method 
2.1. Design 
This study utilized a cross-sectional design and was conducted within a prospective cohort study.  
2.2. Participants 
This study was conducted within the Generation R study, an ongoing population-based 
prospective cohort study, following children from fetal life until young adulthood (Jaddoe et al., 
2012). Mothers could be enrolled if they were habitant in Rotterdam, the Netherlands, at their 
delivery date and were due between April 2002 and January 2006. Rotterdam is an area with a 
high multicultural diversity and the study area included people of approximately 150 different 
ethnicities. The mothers and their children have been followed prospectively with data collection 
at multiple time points, with the last completed data collection at age 9. At age 6 to 10 (M = 7,9 
years, SD = .98 years), a number of 1307 children participated in an extensive 
neuropsychological assessment using the NEPSY-II-NL battery (Brooks et al., 2010). All of 
these children were genotyped either at birth or during a visit to the research center around the 
age of 5.  
2.3. Measures 
2.3.1. Neuropsychological data  
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To measure neuropsychological functioning, the NEPSY-II-NL battery was used. This is a 
neuropsychological test battery designed to assess neurocognitive capacities children up to 12 
years. (Brooks et al., 2010). It consists of 32 subtests, measuring abilities in six different domains 
of cognitive functioning. Within the Generation R Study, a subset of 10 subtests was collected, 
tapping into five neuropsychological domains: attention and executive functioning, memory and 
learning, language, sensorimotor function and visuospatial processing (Serdarevic et al., 2015).  
Within the attention and executive functioning domain, two subtests were conducted: Auditory 
Attention and Response Set, which required the child to shift between different sets of rules, 
inhibiting the previously learned rules; and Statue, in which the child had to maintain a constant 
body position while ignoring external distracting stimuli. The memory and learning domain 
consisted of two tests: Memory for Faces and Narrative memory. Memory for Faces required the 
child to identify the correct face from a set of three faces, both immediately and delayed. For the 
subtest Narrative memory, the child had to repeat a story with as many details as possible. The 
language domain consisted of the Word Generation test, in which the child has 60 seconds to 
come up with as many words as possible within a certain category. Within the sensorimotor 
domain, the Visuomotor precision test was conducted, in which the child drew lines along a 
paper path as quickly as possible within a certain time range. The last domain, visuospatial 
processing, consisted of three subtests. The Arrows test required that the child had to judge the 
direction of an arrow correctly by selecting the arrows that are pointing to the center of a target. 
For the Geometric Puzzles test, the child has to recognize, match and mentally rotate shapes. The 
Route Finding test measured orientation and direction by translating a route on a skeleton map to 
a route on a map containing streets and houses. The internal reliability coefficients of the 
NEPSY-II are mostly adequate to very high, and the overall test-retest reliability correlations for 
most subtests are adequate to high as well (Brooks et al., 2010). 
2.3.2. Genetic data 
All children were genotyped either at birth or during a visit to the research center around the age 
of 5, on an Illumina 610 or Illumina 660K SNP array respectively. The protocol for further 
processing of the genetic data has been described previously (Medina-Gomez et al., 2015). 
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2.3.3. Risk profile scoring 
Results for the most recent GWAS meta-analyses on MDD were obtained through the 
Psychiatric Genetic Consortium (PGC). To obtain linkage disequilibrium (LD) independent 
variants, SNPs were filtered using p-value informed clumping in PLINK (Purcell et al., 2007). 
Polygenic scores were calculated by multiplying the log-transformed odds ratio for MDD by the 
number of effect alleles per individual (0, 1 or 2). The polygenic scores were tested for 
association with NEPSY-II scores as the outcome variable, using multivariate linear regression 
models.  
2.3. Procedure  
Before the administration of the NEPSY-II-NL, children were randomly sorted into one of four 
groups that each had a different administration order of the subtasks. The rules from the manual 
of the NEPSY-II-NL were followed as closely as possible. These rules included start procedures, 
which allowed older children to skip the first items of the tasks. Stop procedures related to the 
age of the child were not followed in order to fully explore age effects. The administration of the 
battery took approximately 55 minutes. In the individual analyses of each subtest, children with 
missing data or unreliable data were excluded.  
A smaller battery of 6 NEPSY-II-NL tasks was assessed in a subgroup of the study 
population, resulting in a high number of missing scores for 4 subtests (Statue, Narrative 
Memory, Geometric Puzzles and Route Finding). The dataset of the NEPSY-II-NL was imputed 
to correct for missing sum scores. The NEPSY-II-NL does not provide domain-specific summary 
scores. A score for overall neuropsychological functioning was obtained by using a principle 
components analysis (PCA) on all raw summary scores and selecting only the first unrotated 
score. A PCA per domain was run to create factor scores for each child, which could be used as a 
weighted summary score of the domain in question.   
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2.5. Statistical analyses 
Our data was processed in SPSS version 21. A stepwise multiple linear regression was conducted 
with NEPSY-II-NL domain score or total score as the dependent variable and polygenic risk 
score as the independent variable. All linear models were corrected for principal components to 
correct for population stratification. Population stratification is a consequence of systematic 
differences in allele frequencies due to the differences in ancestry that can lead to both false 
positive and false negative findings (Bouaziz, Ambroise & Guedj, 2011). Potential confounders 
that were included in the model are child age, gender and ethnicity.  
3. Results 
3.1.  All ethnicity analysis 
Our main research question concerns the effect of genetic susceptibility for MDD on 
neuropsychological functioning as measured by the NEPSY-II-NL. The NEPSY-II-NL score 
means and statistics for age and gender are shown in Table 1. 
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Table 1: Sample Characteristics  
 N 
All 
ethnicities 
 
Caucasian 
only 
Mean 
All 
ethnicities  
 
Caucasian 
only 
Range 
All 
ethnicities  
 
Caucasian only 
Age  938 602 7.91 8.03 6.06 – 10.66  
NEPSY-II 
scores 
(unrotated 
factorscores) 
938 602     
      Att/EF     .058 .112 -5.97 – 1.27 -4.00 – 1.27 
      Language   .077 .239 -2.87 – 3.49 -2.87 – 3.49 
      Mem/Lear   .053 .142 -3.14 – 2.24 -3.14 – 2.24 
      Vis/Spat   .054 .265 -4.09 – 2.27 -2.91 – 2.27 
      Sens/Mot   .041 .126 -7.64 – 2.32 -3.69 – 2.32 
      Overall                   
score                  
 .071 .202 -5.46 – 1.93 -4.21 – 1.93 
Gender       
      Boys 500 
(53.3%) 
321 
(53.3%) 
    
      Girls 438 
(46.7%) 
281 
(46.7%) 
    
Note: Att/EF = attention and executive functioning. Mem/Lear = memory and learning. Vis/Spat 
= visuo-spatial processing. Sens/Mot = sensorimotor functioning. 
We hypothesized that children with a high genetic predisposition for MDD have a poorer 
performance on a general measure of cognitive function, as well as on all the specific 
neuropsychological domains. The genetic predisposition to MDD is quantified in polygenic risk 
scores. A total of four different risk scores were calculated for each individual, in which the p-
value for including the SNPs that are associated with MDD were varied (.01, .05, .1, .5). The 
higher the threshold, the more strict the inclusion of the SNPs and only those with a lower p-
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value (i.e. more significant) were included in the score. The optimal threshold is not known 
beforehand, and this way it is possible to compare the effects of risk scores varying between 
lenient and more stringent thresholds. To investigate the effect of genetic susceptibility for MDD 
on neuropsychological functioning, we conducted a multiple linear regression analyses for 
overall NEPSY-II-NL score and for each NEPSY-II-NL domain separately, with total domain 
score as the dependent variable and polygenic risk score as the independent variable. The 
analyses were adjusted for child age, gender and ethnicity. Significant positive effects were 
found for attention and executive functioning (for risk scores .05, .1 and .5), visual-spatial 
processing (for risk score.1) and overall score (for risk scores .05, .1 and .5). This indicates that 
children with a high genetic susceptibility for MDD perform better on tasks that measure 
attention and executive functioning, visuospatial functioning and overall neuropsychological 
functioning. Therefore, our hypotheses are rejected. The results of the analyses are listed in 
Table 2.
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Table 2: The results of the regression analyses for each domain, adjusted for child age, gender, ethnicity.  
Domain Att/ 
EF 
 Lang  Mem/ 
Lear 
 Vis/ 
Spat 
 Sens/ 
Mot 
 Overall   
 Beta Sig. Beta Sig. Beta Sig. Beta Sig. Beta Sig. Beta Sig. 
Risk scores 
(P-thres) 
            
.01 .031 .325 -.028 .331 .013 .667 .008 .787 .052 .076 .026 .362 
.05 .093 .007 -.023 .473 .038 .253 .056 .091 .046 .152 .080 .010 
.1 .117 .001 -.005 .887 .032 .356 .076 .028 .048 .153 .099 .002 
.5 .126 <.001 .010 .746 .031 .311 .055 .071 .009 .753 .100 <.001 
Note: Att/EF = attention and executive functioning. Lang = Language. Mem/Lear = memory and learning. Vis/Spat = visuo-spatial 
processing. Sens/Mot = sensorimotor functioning. P-thres = p-value threshold for inclusion of SNPs in the score 
3.2. Correction for IQ 
To investigate the specific effect of IQ on the relation between genetic susceptibility and neuropsychological functioning, we 
conducted another multiple linear regression analysis including IQ as a confounding factor in the model. Again, total domain scores 
were used as the dependent variable and polygenic risk score was used as the independent variable. Significant positive effects were 
again found for
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attention and executive functioning (for risk scores .05, .1 and .5), visuo-spatial functioning (for risk scores .05, .1 and .5) and overall 
score (for risk scores .05, .1 and .5). This indicates that IQ is not moderating the effect of genetic susceptibility on neuropsychological 
functioning. Children with a high genetic susceptibility for MDD still perform better on tasks that measure attention and executive 
functioning, visuospatial functioning and overall neuropsychological functioning. The results of the analyses are shown in Table 3. 
Table 3: Results of the multiple regression analyses for each domain, adjusted for child age, gender, general principal components 
and IQ. 
Domain Att/ 
EF 
 Lang  Mem/ 
Lear 
 Vis/ 
Spat 
 Sens/ 
Mot 
 Overall   
 Beta Sig. Beta Sig. Beta Sig. Beta Sig. Beta Sig. Beta Sig. 
Risk scores 
(P-thres) 
            
.01 .033 .316 -.033 .276 .011 .725 .019 .509 .050 .101 .028 .320 
.05 .099 .006 -.029 .387 .018 .584 .069 .028 .042 .209 .079 .011 
.1 .121 .001 -.005 .887 .014 .693 .086 .008 .035 .315 .097 .003 
.5 .129 <.001 .003 .922 .022 .474 .064 .027 .006 .842 .100 <.001 
Note: Att/EF = attention and executive functioning. Lang = Language. Mem/Lear = memory and learning. Vis/Spat = visuo-spatial 
processing. Sens/Mot = sensorimotor functioning. P-thres = p-value threshold for inclusion of SNPs in the score.  
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3.3. Gender specific analysis 
To examine the gender specific effect of genetic susceptibility on neuropsychological 
functioning, we performed multiple regression analyses per gender with total domain score as the 
dependent variable and polygenic risk score as the independent variable. They were conducted 
only for the domains that turned out significant in the previous analyses, and only for risk score 
.5 for the most strict inclusion of SNPs. These analyses were adjusted for child age and ethnicity. 
The results showed that the effect of polygenic risk score on visual-spatial functioning is 
significant for girls, but not for boys (see Table 4), indicating that girls with a high genetic 
susceptibility for MDD performed better on a task measuring visual-spatial functioning, but this 
was not the case in boys.  The effect of polygenic risk score on overall cognitive functioning was 
also significant for girls, but not for boys, indicating that girls with a high genetic susceptibility 
for MDD performed better on measures of overall cognitive functioning. For attention and 
executive functioning, the effect was significant for both boys and girls, indicating no major 
gender effect for these domains. The results of the analyses are listed in Table 4. 
Table 4: Results of the multiple regression analyses stratified by gender, adjusted for child age 
and genetic principal components. 
Domain  Att/EF  Vis/Spat  Overall   
  Beta Sig. Beta  Sig. Beta Sig. 
Risk score        
.5 Boys .130 .004 -.009 .837 .079 .051 
 Girls .116 .014 .108 .013 .109 .009 
Note: Att/EF = attention and executive functioning. Lang = Language. Vis/Spat = visuo-spatial 
processing. Sens/Mot = sensorimotor functioning. 
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3.4. Caucasian ethnicity only  
In the previous analyses (see Table 2), we adjusted for all ethnicities together. To investigate the ethnicity specific effect of Caucasian 
ethnicity only on the association between genetic susceptibility and neuropsychological functioning, we conducted a multiple linear 
regression analysis including Caucasian ethnicity only as a confounding factor in the model, together with child age and gender. 
Polygenic risk score was used as the independent variable, and NEPSY-II-NL domain scores were used as the dependent variable. 
Only a significant positive effect was found for sensorimotor functioning. For all the other domains, and for overall cognitive 
functioning, no significant effects were found. This indicates that Caucasian ethnicity has a specific effect on the relationship between 
genetic susceptibility for MDD and attention and executive functioning, visual-spatial functioning, sensorimotor functioning and for 
overall cognitive functioning. The results of the analyses can be found in Table 5. 
 
 
 
 
 
 
 
GENETIC SUSCEPTIBILITY TO MAJOR DEPRESSION AND NEUROPSYCHOLOGICAL FUNCTIONING IN CHILDHOOD  
16 
 
Table 5: The results of the multiple regression analyses for each domain, adjusted for child age, gender, and Caucasian ethnicity 
Domain Att/ 
EF 
 Lang  Mem/ 
Lear 
 Vis/ 
Spat 
 Sens/ 
Mot 
 Overall   
 Beta Sig. Beta Sig. Beta Sig. Beta Sig. Beta Sig. Beta Sig. 
Risk scores 
(P-thres) 
            
.01 .019 .610 -.079 .028 -.013 .717 .022 .573 .084 .018 .005 .889 
.05 .064 .089 -.061 .089 .008 .830 .038 .320 .055 .122 .042 .222 
.1 .050 .186 -.055 .125 -.004 .905 .043 .267 .059 .097 .032 .353 
.5 .037 .333 -.050 .164 -.023 .518 .008 .836 .039 .268 .013 .713 
Note: Att/EF = attention and executive functioning. Lang = Language. Mem/Lear = memory and learning. Vis/Spat = visuo-spatial 
processing. Sens/Mot = sensorimotor functioning. P-thres = p-value threshold for inclusion of SNPs in the score
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4. Discussion 
The main objective of this study was to investigate if genetic predisposition for Major 
Depressive Disorder is associated with neuropsychological impairment by examining the effect 
of polygenic risk scores of MDD on measures of neuropsychological functioning. More 
specifically, we examined the effect of polygenic risk scores for major depressive disorder on 
attention and executive functioning, language, memory and learning, sensorimotor functioning 
and visuospatial processing. Having a better understanding of the genetic variation regarding 
MDD can provide information that can help improve the prevention, diagnosis and treatment of 
the disease (Manolio et al., 2009). 
Contradictory to our expectations, we found that children with a high predisposition for 
MDD performed better on measures of attention and executive functioning, visual-spatial 
functioning and overall cognitive functioning than children with a low predisposition for MDD. 
This effect was independent of IQ. With regard to language, memory and learning and 
sensorimotor functioning, no differences between high-risk children and low-risk children have 
been found. In contrast with earlier studies addressing this issue (Christensen et al., 2006; Hsu et 
al., 2014), our results indicate that cognitive dysfunction is not present before the onset of MDD. 
It appeared that cognitive impairment is not caused by genetic predisposition for depression, thus 
likely to be a result of the disease symptoms itself. Furthermore, where we have found a positive 
effect of genetic predisposition to MDD on neuropsychological functioning, previous studies 
have proven this effect to be negative (Christensen et al., 2006; Hsu et al., 2014). Within our 
study, we investigated the genetics of depression, by looking closer into the genotype and the 
SNPs that are associated with depression. Earlier studies have been looking at depression as a 
phenotype, and tried to find genetic causes for the disease. This difference could be a possible 
explanation for the conflicting results we found.   
Looking closer into the relationship between genetic predisposition to MDD and 
neuropsychological functioning, we examined the specific effect of different possible 
confounders. Regarding IQ, we found that children with a high genetic susceptibility for MDD 
still performed better on tasks that measure attention and executive functioning, visuospatial 
functioning and overall neuropsychological functioning, indicating that IQ does not mediate the 
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effect of predisposition for MDD on neuropsychological functioning. When running the analyses 
stratified by gender, we found that girls with a high predisposition to MDD performed better on 
measures of visuo-spatial functioning and overall cognitive functioning, but boys did not. For the 
remaining neuropsychological domains, no moderating effects of gender were found. Earlier 
literature showed that girls mostly outperform boys on tasks of neuropsychological functioning. 
This study is the first one to explore gender specific effects on genetic susceptibility to MDD, 
and more research is necessary to obtain a better understanding of these effects. With regard to 
ethnicity specific effects, we looked closer into the effect of Caucasian ethnicity compared to all 
other ethnicities together. For almost all neuropsychological domains (sensorimotor functioning 
being the exception), a specific effect was found for Caucasian ethnicity on the relation between 
genetic predisposition to MDD and neuropsychological functioning. This indicates that for 
Caucasian children, a high genetic predisposition to MDD is less likely to have an effect on their 
neuropsychological functioning. This effect could be explained by the differences in allele 
frequency between different ethnicities. Some risk genes occur more frequently in one ethnicity 
compared to another. Admixture of populations with higher allele frequencies in multiethnic 
populations like Generation R, might increase the power of the study and explain the results 
obtained only in a multiethnic sample. Risk scoring methods only aggregate SNP effects and 
cannot pinpoint to specific SNPs that might explain these differences, which makes it difficult to 
say which differences in allele frequencies are causing the differences in our results. Also, the 
interaction between the SNPs that are associated with depression and the environment differs 
highly between different ethnicities, which can result in a more varying expression of the 
involved genes between ethnicities. Our study only focused on the genetic background of major 
depression and inclusion of environmental factors was beyond the scope of the research question. 
Future studies should aim to investigate the interaction effects of polygenic risk scores with their 
environment, as polygenic scoring is a useful tool to facilitate genome environment interactions. 
Studies on this subject are scarce, but provide encouraging evidence that interactions with 
environment constitute differences in behavior (Salvatore et al., 2014) 
Strengths of this study include the large sample size and the diversity of the sample, 
which made it possible to explore multiple specific effects of different ethnicities.  A limitation 
of this study is that, because of limited time, we were not able to administer the entire NEPSY-
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II-NL battery. In one subgroup of children, only 6 NEPSY-II-NL tasks were administered, 
resulting in a high number of missing scores for four tasks and the necessity to impute the data. 
Another limitation of this study is the relatively small sample size of the discovery GWAS for 
depression. The SNPs and their effect sizes, which were determined by these GWAS, explained 
relatively little disease variance compared with the total heritability of depression, which 
suggests that the effect sizes of the SNPs were not fully accurate. In the future, the sample sizes 
of the GWAS for depression will increase, and thereby, the polygenic risk score approach will 
have more power to prove this connection. This increase in power will eventually lead to 
possible clinical applications of genetic risk scoring to stratify high and low risk individuals. 
Another suggestion for future research would be looking into the effect of genetic predisposition 
to depression on neuropsychological functioning in an older age group. The age group that we 
used was relatively young, and older children might already be in a prodromal phase of 
depression. It could be possible that the effect of the risk genes on cognition expresses itself 
more clearly in an older age group, as being part of the prodromal symptoms. Therefore, the 
possibility of detecting a stronger connection between risk genes and cognition could increase. 
To conclude, we found a positive effect of genetic susceptibility to MDD on the domains 
attention and executive functioning, visual-spatial functioning and overall cognitive functioning.  
In addition, we found specific gender effects for girls with a high predisposition to MDD on 
measures of visuo-spatial functioning and overall cognitive functioning, but not for boys. 
Finally, a specific effect was found for Caucasian ethnicity, with no effect of genetic 
predisposition to MDD on neuropsychological functioning as a result for this ethnicity group. 
This study indicates that the cognitive impairments that often go together with MDD are not 
present, at least not at the age of 6 to 10 years, before the onset of the disease and, therefore, are 
more likely to be a result of the disease symptoms itself. According to the current findings, the 
risk genes that are associated with depression do not lead to decreased cognitive capacities. They 
do not affect the overall cognitive functioning of the brain, but most likely only parts that are 
associated with increased risk of depression. The predisposition for depression cannot be found 
in an overall decrease in cognitive functioning, which can help future implications for the genetic 
etiology of the disease by indicating which symptoms a result are of the disease itself, and which 
are not. 
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